Abstract-In this study, the physical disturbance in the river estuary was discussed as the variation of hydrodynamic fields caused by the human activities. We built the coupled model to forecast the ecological risk with physical disturbance in the different condition of temperature gradient. The temperature gradient was one of the most important parameters to report the growth circumstance of water ecological species, especially for the biodiversity. The relationship between water temperature gradient and the biodiversity was proposed by using the model methods. When the gradient was higher, the biodiversity index was increasing, which was considered as the optimal ecological system.
involved not only on the designation of engineering project, and had the relationship with irrigation, industry and landscape [7] . Water temperature as one parameter on the hydrology and flow physics also could report the water thermal disturbance form natural and artificial factors directly. In the natural lake and river, the temperature was also had the function to response the health and the range of risk for water ecological systems, which could determine the growth stability of species and the biodiversity for eco-system [8] , [9] , [10] . Many engineering scholars had research the thermal disturbance on the hydraulic construction and reservoir scheduling. On the other hand, the ecological scientists tried to find the inner mechanism for species and the systems. For micro-zooplankton in the deep water, the capture rate was high at the 8-16°C degree [11] ; the much warm temperatures (16.81±0.05 C) experienced higher growth for barnacle growth compared to the 13.67°C [12] . In the ocean or the coastal areas, the water temperature could impact the ecological performance, the high temperatures (about 25-30 C) increased mortality of marine species and lowered both photosynthetic rate and growth rate [13] . On the other hand, many studies had demonstrated that human activities and climate change had impact on water temperatures [14] , [15] . Some human activities such as coastal reclamation could change the thermal balance and destroy the suitable temperature structures in the water body [16] , [17] .
In general modeling study, the thermal structure and heat transfer of water body was becoming more important for ecological models in order to account for the effects of coastal reclamation and other human activities. Therefore, the thermal structure in the water body should be simulated accurate and we could find the inner hydrodynamics to reveal the water ecological process. Some different kinds of freshwater plant in the same climate conditions had the optimal growth temperature for their living respectively [18] . The shoot mortality of eelgrass (Zostera marina L.) was generally low at water temperatures between 5 and 20 C. High temperatures (i.e. above 20 C) stimulated, however, shoot mortality and the highest mortality (55.6 ± 14.2%) was observed at 30°C. Water temperature had a strong effect on the production of new leaves and leaf elongation rate. The highest rate of leaf production was found at 20°C (3.76 ± 0.35) and the lowest at 5 C (1.25 ± 0.25 leaves produced) [19] . The seawater temperature also affected the distribution and morphology of marine benthic community [20] . The juvenile specimens of marginal marine species (Rosalina globularis) were observed that the optimal growth temperature was 30 C; the thermal stratification in the lake or reservoir could affect the growth situations of microorganism [21] .
Since evolution of river channel and the effect of coastal erosion, the ecological system often had the feature of vulnerability and instability in the region of river estuary. In addition, many estuary areas had high intensity of human activities-harbor construction, land reclamation and resource exploitation, which caused the natural ecological environment facing many dangerous and potential risks [22] , [23] . It was necessary to study the ecological risk under the thermal disturbance in the estuary area. Based on the optimal growth temperature, the ecological thermal threshold could be discussed the intensity of ecological risk.
However, the study of optimal growth temperature for water ecological species were ignored the impact factor of hydrodynamics, especially the special conditions of flow fields. The main purpose of this study was to assess the thermal structures impact the water ecological species at the condition of density currents. We were using the numerical simulation to assess the optimal areas for species growth. The species was selected the indicator of river estuary.
II. MATERIALS AND METHODS

A. The Background Theory and Methods
In the nature, the water temperature determined the water ecological structure and the stability [24] . The thermal transfer had some energy sources form the external environment ( Fig. 1) [25] . Firstly, the solar radiation entered into the water body experiencing the attenuation to change the water temperature through heat exchange, which was the main energy sources of water temperature; secondly, the water body had the heat transfer process to vary the water temperature; on the other hand, the evaporation would release the total energy of water to alter the temperature. In this article, we ignored the process of energy loss to the external environment; the solar energy input to the system was steady; the thermal dynamics was the simple course of inner heat transfer. The water temperature was the only arithmetic solution was exporting to the energy equation. We had simulated the 5 degree of temperature gradient (0.25 C, 0.50 C, 1.00 C, 2.00°C and 4.00 C) to simulate the vertical thermal structure in realistic environment, then marked the working condition as I, II, III, IV, V. In the river estuary, the special ecological species made up the whole ecological system. The different species had different optimal temperature to maintain the maximum biomass for growth. Several typical species survived in the river estuary was listed at the Table I below, and according to some biological physiology researches, the optimal growth temperature for species could be list as the ecological threshold value range [26] [27] [28] [29] [30] [31] . We were using the three sorts of water phytoplankton (Microcystis aeruginosa, Skeletonema costatum and Prorocentrum minimum), which were the typical species growing in the offshore sea or freshwater, having the possibility of potential ecological risk to cause the red tide or incident of pollution in the coastal and river estuary areas to compare the range of optimal growth temperature. In addition, the two kinds of zoobenthos (Penaeus orientalis and Tegillarca granosa) and two species of aquatic plant (Phragmites australis and Elodea canadensis) were list in the Table I to react the ecological response for different functional groups. Because the all parts of plant had different adaptability to temperature, the mean value was selected.
Through the simulation process, the coupled hydrodynamics and ecological model could be built to research the ecological response under the thermal disturbance. We ignored the other factors, such as water quality, meteorological fluctuation, the inner mechanism for temperature dynamics was to be revealed in this article. The background environment to be selected was the Yellow River estuary, which was one of the most typical, youngest and recently active estuary areas in China, Shandong province, which was located in the warm temperate semi-humid continental monsoon climate zone-between the south of Bohai Bay and western part of Laizhou Bay (36°55′~38°16′N, 117°31′~119°18′E). The estuary was influenced by Pacific Ocean and Eurasia, with a high precipitation (530mm~630mm) in summer, enjoying a wild climate and four distinctive seasons. There had built the national natural and ecological reservation (about 1500km
2 ) since 1992. We had collected the meteorological monthly data in the summer of 2009, and the related environmental parameters were shown in the Table II. The vertical underwater data from the river estuary to the coastal areas (about 50km) to simulate the water hydrodynamics process, the computational gird as shown in Fig. 2 .
B. The Hydrodynamics Model
In the estuary, the sediment was one of the most important problems, especially in the basin of Yellow river estuary, which had the biggest sediment discharge in China. To simulate the sediment, the multiphase flow model should be used to calculate the variation of flow. Therefore, we chose the Eulerian model and the general equation as follow:
where v q is the velocity of phase q and m pq is the mass transfer form the phase-p to phase-q; m pq is the mass transfer from the phase-q to phase-p; the a q is defined as the volume fraction for phase-q.
In the equations, G k represents the generation of turbulence kinetic energy due to the mean velocity gradients; G b is the generation of turbulence kinetic energy due to buoyancy; Y M is the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation rate; a k and a ε are the inverse effective Prandtl numbers for k and ε, repectively. S k and S ε are source terms.
To simulate the temperature dynamics, the basal energy equations should be selected, the basic equations as follow:
where h was the value of enthalpy, K eff was the effective thermal conductivity; τ eff was the effective stress tensor; and the S h was the energy source term.
C. Case Conditions and Parameters Calibration
The no slip wall boundary condition was described as the boundary condition in the bottom and top of water body, which had the adiabatic status. The first phase was the water body and the water density was following the fitting equation of water temperature: 
The inlet water was the second phase which was the mixture fluid consisting of pure water and fine sediment particles. Furthermore, we picked quartz sand as the major constituent for mixture currents, which density was 1650kg/m 3 . The density of mixture currents could be calculated from the equation of relationship between solution and solute. As the result, the density of mixture currents was 1046.78kg/m 3 . The initial velocity of sediment water was 0.8m/s. Other parameters as followed in Table III . 
III. RESULT AND DISCUSSION
A. The Effect of Physical Fields
The different temperature gradient was causing the thermal variation in the water body. The effect of hydrodynamics was intuitive revealed by the contours. The turbulent intensity, which was one physical quantity to characterize the physical disturbance for fluid, could report the disturbance situations under different temperature gradient. The distribution of turbulent intensity in the condition of high and low value of temperature gradient was shown in Fig. 3. a) The temperature gradient was 0.25°C .
b) The temperature gradient was 4. 00°C  Fig. 3 . The distribution of turbulent intensity.
On the other hand, the RNG k-ε transport equation was written as follows to simulate the turbulent [32] .
When the water flow was stabilized by elapsing the flow time, the distribution of turbulent intensity had some differentiations. With the decreasing of temperature gradient, the area of the regions, where the value of turbulent intensity ≥5.5, was much larger than the condition of high temperature gradient. The thermal disturbance was introducing the physical perturbation of water dynamics. Compared to the two different conditions from Fig. 3 , the regions (the intensity was greater than 5.5) proportion of the total dimension was 77.1% and 69.3% respectively. In other words, the strength of current disturbance caused by the difference of thermal structure was increased by 7.8%. In addition, When the temperature gradient was 0.25°C, the strongest areas of turbulent intensity had the scope of length ) 48 , 37 [ gradient, the scope of turbulent disturbance was getting much narrower. Therefore, the intensity of flow disturbance got much lower than the working condition of low temperature gradient (I).
B. The Effect of Water Ecological Fields
On the other hand, the area ratio of suitable growth temperature regions was able to be found by analyzing the optimal growth temperature for the ecological species based on the physical and hydraulic result. The distribution of optimal growth for water species was shown in Table IV (the scientific name was shortening as the first letter).
The rational hypothesis was proposed that the biomass of each species was homogeneous in the unit area. Then the probability of individual optimal survival for each species was similar with the area ratio of the optimal growth temperature numerically. Therefore, by analyzing from the Table IV, the suitable growth condition for each species was revealed. When the temperature gradient was high, the total number of growth rate was above the 1%, which was defined a minimum threshold of optimal survival species in the external circumstance. Because of the reduction of water temperature gradient, the mean temperature difference was decreased, causing the cut of optimal temperature range satisfying the water species. This phenomenon had been explaining the reason why the biodiversity was cut down in the situation of small temperature gradient from the perspective of thermodynamics. In addition, since the range of optimal growth temperature was fluctuated in 28°C, which was a critical point focused on the environmental water temperature in the condition of low temperature gradient, the area ratio for species of Penaeus orientalis and Phragmites australis were very high at the condition I. From another point of view, the range of optimal growth temperature got much wider, the rate of survivability for water species got much higher.
The condition of the total number of growth rate ≥1% could be described as the low risk for the particular water ecological species, the ecological risk for the growth of water species as shown in the Table V. The increasing of temperature gradient had brought about the effect that was enhancing the sort of optimal survival of water ecological species. In order to quantitative analysis of the results, the biodiversity index had been introduced to study the relationship between thermal structure and the water ecological biodiversity.
According to the Shannon-Winner equation, the biodiversity index could be calculated to describe the health of ecological system in river estuary.
where H' was the index of ecological biodiversity, P i was the proportional abundance of species i, and r was the total number of species. 
The internal ecological mechanism with thermal dynamics could be discovered by calculating the Shannon-Winner biodiversity index. As shown in the Fig. 4 , the variation of the water ecological biodiversity index with the vertical water temperature gradient could be displayed. With the increasing of water temperature gradient, the Shannon index was growing up either, and the growth rate was about 2.5%±0.02. 
IV. CONCLUSIONS
The vertical thermal structure, which was characterized specifically by the vertical temperature gradient, had an influential effect on water ecological and physical processes. The intensity of flow disturbance was getting stronger with the decreasing of water temperature gradient. Under the condition of high degree of turbulent currents (the temperature gradient was 0.25°C), the scope of length with International Journal of Environmental Science and Development, Vol. 7, No. 8, August 2016 the strongest areas of turbulent intensity was getting much larger, and the water ecological biodiversity index was getting much lower in the view of ecological fields, which the value of biodiversity index was 2. However, the condition of low degree of turbulent currents (the temperature gradient was 4.00°C) had the states adversely, which the value of Shannon-Winner was 4.
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